Introduction
The mitral valve apparatus consists of leaflets, annulus, chordae tendineae, papillary muscles and subjacent myocardium. 1 An abnormality or disease that affects any of the aforementioned components and results in ruptured chordae tendineae can cause a flail mitral valve. 2 Acute flail mitral valve can occur in patients with degeneration of the mitral valve apparatus, during the course of infective endocarditis, or in the setting of acute myocardial infarction (MI) with papillary muscle rupture. 1, 3 These patients present with a variety of clinical manifestations ranging from sudden onset dyspnea to fever, cough, and chest pain. 1, 4 These non-specific clinical presentations may be mistaken for multiple other conditions, including acute exacerbation of chronic obstructive pulmonary disease (COPD), pulmonary embolism, and pneumonia. Appropriate therapy may thus be delayed and result in high morbidity and mortality. In our study, we analyzed baseline characteristics, clinical presentations, time to diagnosis based on echocardiographic imaging, and in-hospital mortalities of patients with an acute flail mitral valve at the university based community hospital in New York city.
Materials and methods
Two hundred and sixty two consecutive transthoracic echocardiograms (TTE) and transesophageal echocardiograms (TEE) with severe mitral regurgitation, performed from February 2005 to October 2010 at Jack D. Weiler Hospital (Bronx, New York, USA), were analyzed retrospectively. Adult patients (age >21 years) presenting with new onset flail mitral valve confirmed by echocardiogram were selected for this study. Patients with the chronic flail mitral valve defined as having a prior echocardiogram showing a flail mitral valve leaflets were excluded.
Clinical records including prior medical history, incident clinical presentations, physical examination, laboratory tests, chest X-ray (CXR), electrocardiogram, echocardiogram, cardiac catheterization, management during hospitalization, as well as in-hospital mortalities, were reviewed. The initial diagnoses made on admission according to the International Classification of Disease, 9th revision, clinical modification coding systems were used as admitting diagnoses. Flail mitral valve was diagnosed when the leaflet tip of mitral valve moved rapidly into the left atrium during systole on echocardiogram. 4, 5 In our study, degenerative mitral valve disease denoted a variety of structural lesions that were secondary to myxoid infiltration or fibroelastic deficiency. The diagnosis was made if clinical history was suggestive and echocardiography showed elongated and redundant billowing leaflets, bulky and thickened leaflets, displacement of the insertion of the posterior leaflet creating an out-pouching at the leaflet base, severe annular dilation, annular or subannular calcification, or a single, thin, prolapsing segment, sometimes with a visible ruptured chord. 6 Diagnosis of infective mitral valve endocarditis was based on classic echocardiographic features such as heterogenous, mobile, echodense masses attached to valvular leaflets or periannular abscesses in addition to typical clinical manifestations such as fever, leukocytosis and persistent bacteremia. 7 Continuous variables were presented as mean AE standard deviation. Qualitative variables were presented as absolute values and percentages because of the small sample size.
Results
Overall, 262 patients with severe mitral regurgitation on a resting TTE or TEE were screened for flail mitral valve. Fifteen were found to have acute flail mitral valve [ Fig. 1 ]. Their baseline characteristics are found in Table 1 . The majority was old male patients with multiple comorbidities.
On presentation to the emergency room, over half of the patients complained of new onset of dyspnea [ Table 2 ]. Only a third had a holosystolic murmur consistent with mitral regurgitation on physical examination [ Table 2 ]. A third of the patients presented with normal CXR [ Table 2 ]. Interestingly, there was no other predominant presenting symptoms, physical or CXR findings in our patient population.
The initial diagnosis included four (27%) for flail mitral valve, two (13%) for presumed endocarditis, three (20%) for CHF exacerbation, three (20%) for acute coronary syndrome (ACS), two (13%) for pneumonia, and one (7%) for COPD exacerbation [ Fig. 2] .
Overall, only six of the 15 patients (40%) were initially admitted with correct diagnoses. The patients with presumed ACS were taken to cardiac catheterization laboratory and found to have either normal or non-critical coronary artery disease. Instead, severe mitral regurgitation was detected by cardiac ventriculography, and flail mitral valve was later confirmed by TEE. The overwhelming majority of acute flail mitral valve was secondary to degenerative diseases in our study population [ Table 3 ]. The remaining patients were secondary to infective endocarditis. There was no acute flail mitral valve from ischemic papillary muscle in our series.
Almost half of patients underwent mitral valve surgery with cardiac catheterization preceding surgery in all cases. In total, nine patients (60%) underwent TEE to better characterize the mitral valve. Six of the seven surgical patients had a TEE except one patient whose flail mitral valve was well visualized by TTE. Of the surgical patients, four had mitral valve replacement and three had mitral valve repair [ Table 3 ]. Two were found to have severe CAD that required coronary artery bypass grafting (CABG) in addition to the mitral valve surgery.
The remaining eight patients were medically managed [ Table 3 ]. The only in-hospital mortality was a 90-year-old female who presented with sudden onset dyspnea, unilateral pulmonary edema on CXR [ Fig. 3] , and initial misdiagnosis of pneumonia.
In our hospital, the correct diagnosis of acute flail mitral valve via echocardiogram was established in all cases [ Table 3 ]. Approximately, three quarters had a TTE diagnosis within 24 h. Only six patients were identified promptly by TTE in the emergency room, resulting in direct admissions to the surgical service for planned corrective surgery. All patients were correctly diagnosed within 4 days of presentation to the emergency room. 
Discussion
Acute flail mitral valve often leads to severe mitral regurgitation. 1 However, a wide spectrum of physical complaints may present significant challenges to clinicians in early recognition, and hence lead to increased morbidity and mortality. Clinical history and physical examination may help in making the correct diagnosis. However, our data showed that only half of patients presented with a sudden onset of dyspnea, a hallmark symptom of acute flail mitral valve, and a mitral regurgitant murmur was only detected in a third of our cohort. Consistent with prior findings, 4,8 our study suggests that the sensitivity of the history and physical examination in detecting acute flail mitral valve is fairly low. CXR may not always be helpful in diagnosing acute flail mitral valve as it may not show acute pulmonary findings as seen predominantly in our study, even though bilateral pulmonary venous congestion, interstitial edema, and symmetrical bilateral pleural effusion are often noted. 4 Unilateral pulmonary edema, an independent risk marker of mortality, 9 occurs when the mitral regurgitant jet is directed predominantly to the orifice of an upper lobe pulmonary vein. 1 As presented in our study, it may lead to a false diagnosis of pneumonia, delayed management and resultant death of the patient if not being promptly recognized by the physician. Therefore, echocardiography remains the key modality in the diagnosis of acute flail mitral valve. 6e8 In our hospital, all patients who received an echocardiogram in the emergency room have a correct admitting diagnosis and proper management. Delayed recognition and initial misdiagnosis often results in morbid outcomes. In order to reduce the associated morbidity and mortality, it is essential to raise awareness of this clinical entity and use echocardiography appropriately as the main reason of delay in obtaining an echocardiogram is the lack of awareness of a cardiac etiology of the clinical presentation.
As per the 2001 appropriate use criteria for echocardiography, 10 utilization of TTE is indicated and appropriate in the presence of hemodynamical instability of a suspected cardiac etiology, acute chest pain with suspected MI, or respiratory failure of uncertain etiology. In our hospital, an urgent echocardiogram is usually completed within 2 h. Therefore, if a clinician is suspicious of acute mitral valve disease, an urgent echocardiogram may help reach the correct diagnosis in a timely manner and thus reduce the mortality associated with acute flail mitral valve. If TTE is non-diagnostic, or with poor image quality, TEE may, then be considered to better evaluate valvular structure and function, and also to assess suitability for valve repair. Consistent with prior studies, 3,13e15 our data show that the main cause of acute flail mitral valve is degenerative mitral valve disease, followed by infective endocarditis. Papillary muscle rupture due to acute MI 16, 17 is relatively rare and is not seen in our series. Medical management 1 (7) Surgical correction 0 (0) Fig. 3 . Portable chest X-ray shows pulmonary vascular congestion and right-sided unilateral pleural effusion.
Moreover, our study reveals that acute flail mitral valve is more frequently seen in elderly male patients with a history of hypertension. The mechanism of this association is uncertain.
Study limitations
The main limitation of this report is that this is a retrospective study. There is no long-term follow-up data available. Acute flail mitral valve is a rare disorder. As such, our sample size is quite small, despite representing a collection of such cases over 5 years in an urban academic medical center.
Conclusion
Initial misdiagnosis of acute flail mitral valve is not infrequent and often results in morbid outcomes. Clinical history and physical examination are not sensitive enough to make the correct diagnosis. Sometimes CXR can be misleading. Echocardiography is by far the best modality to timely diagnose acute flail mitral valve. Therefore, it is imperative to raise awareness of this clinical entity and use echocardiography appropriately to reduce associated morbidity and mortality.
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